In whales, the aquatic mammals, it is expected that the lung should have several specific histological characteristics, since they have the capacity to make long-term divings into the depth of the sea. Until today there have been published a number of histological studies on the lungs in some species of the toothed and the baleen whale (KIKKAWA 1944 , FIEBIGER 1916 , NEUVILLE 1928 , WISLOCKI 1929 , BELAN-GER 1940 , MURATA 1961 , ENGEL 1966 .
In the present study the authors have histologically and partially cytologically observed the respiratory tissue of the dolphin lung and obtained some interesting results which may contribute to some extent to clarify the histological characteristics of the whale lung.
Material and Method
The material consisted of lunges from 6 adult dolphins, Prodelphinus (Stenella) caeruleoalbus MAYEN, captured in December at Futo on the Izu Peninsula. Histological specimens were taken from lung-peripheries and fixed as soon as possible in Levi's were made and stained with hematoxylin (Hansen)-eosin, azan, periodic-acid-Schiff's reaction (PAS) and aldehyde-fuchsin-light green-orange G for elastica staining.
Results
As mentioned above, the specimens were taken from the lung periphery, so the large vessels and bronchial branches are not found. The largest bronchial branches observed in the present study are brochioli lined with the pseudostratified columnar epithelium which, however, were lacking in the cilia and goblet cells. In the connective tissue beneath the epithelium the glands are completely absent. In the outer border of the mucous membrane of such somewhat thick bronchioli lineal arrays of many small rod-shaped cartilages are observed along the long axis of the bronchioli. However, the majority of the bronchioli found in the present study are bronchioli terminales and respiratorii, both bronchioli do not differ in general histological structures and in thickness except for the conspicuous difference in the lining epithelium of the mucoua. The epithelium of the bronchioli terminales represents one type of the simple cuboidal epithelium in which the arrangement and the shape of the epithelial cells are in some places irregular (Fig. 1) . The epithelium of the bronchioli respiratorii resembles that of the terminales, but contains from place to place blood capillaries, the walls of which seem as if partially to face directly the bronchio-453 lar lumen (Fig. 2, 20 walls of the bronchioli terminales and respiratorii are also reinforced by many small cartilages densely distributed beneath the mucosa along their long axis. As observed in the longitudinal sections of both parts of the bronchioli, numerous round, oval and rod-shaped profiles of the cartilages are densely aligned on both sides of the bronchiolar lumen (Fig. 3) , and in the cross sections the profiles of the cartilages are rod-, crescent -and horse-shoe-shaped surrounding the lumen. It is one of the noteworthy findings that the bronchioli terminales and respiratorii possess in their wall just beneath the thin epithelium, numerous well-developed sphincter muscles at regular intervals, so that the bronchiolar lumen forms be- wall, as well as in the sphincter intermingled among the densely packed smooth muscle fibers. The sphincters of the bronchioli protrude the connective tissue projection containing elastic fibers to the adjacent bronchiolar cartilages to anchor on the latter (Fig. 6 ). Histological characteristics in the dolphin lung are also found in the structural properties of the alveolar septa or alveolar walls. In the axis of the alveolar septa there exists a continuous thin connective tissue layer containing elastic fibers Fig. 6 (Fig. 13) . These large round cells found in the alveolar lumina may probably be alveolar phagocytes or macrophages storing fat droplets and dust particles which should have been taken up by them by means of phagocytosis. In dolphin lungs the amount of fat droplets stored in them is generally large, on the contrary that of dust particles small. Now the origin of the alveolar phagocytes released in the alveolar lumen must be investigated. On the alveolar wall the similar large round dark cells containing large fat droplets are occasionally found in the location of the alveolar epithelial cells and their bulky round cell body project extensively into the alveolar lumen (Fig. 14) ; they might represent alveolar phagocytes fixed to the alveolar wall. On the other hand, there occur not infrequently such large alveolar epithelial cells which contain a number of small fat droplets in the apical cytoplasm (Fig. 15) . The transitional forms are observed between these large alveolar epithelial cells with small fat droplets and the alveolar phagocytes fixed to the alveolar wall. The following presumption may therefore be probable, that the large alveolar epithelial cells may store fat droplets taken up from the blood capillaries and be enlarged as the stored fat droplets increase in size and number and finally be transformed into the large Zenker-formalin, hematoxylin-round alveolar phagocytes which project more or less into the alveolar lumen. In sections fixed by Zenker-formalin and stained by hematoxylin-eosin it has been revealed that the large alveolar phagocytes fixed to the alveolar septa also contain, among fat vacuoles, a small number of dust particles which have probably been phagocytized from the inhaled air in the alveolar lumina (Fig. 16) (Fig. 17) . The most prominent storage of dust particles was observed in the histiocytes found within a small accumulation of the lymphocytes (lymphoid tissue) in the outermost layer of a bronchiolar mucosa (Fig. 18 ). As compared with other mammalian lungs, in the dolphin lung the histiocytes storing dust particles were in general scant and the amount of storage dust in each histiocyte was small, though some individual variations were noted. As just mentioned above, though the connective tissue histiocytes of the alveolar septa store scarcely any fat droplets, those of other connective tissue areas often show storages of large amount of fat; they have been enlarged and rounded and contain several fat droplets of variable sizes (Fig. 19) . The question, whether they Fig. 16 . Large round alveolar phagocytes (ap) fixed on the alveolar septum and containing large fat vacuoles and a few dust particles (black) like the alveolar phagocytes in the alveolar lumen (Fig. 13) six species both of Odonto-and Mystacoceti. According to his observations especially in the lungs of the dolphin, Prodelphinus caeruleoalbus, bronchiolus terminalis gives off several branches from which arise respiratory bronchioles. The main stem of the respiratory bronchiole sends out side branches, each of which gives off 6 separate alveolar ducts through clear-cut openings. Each alveolar duct again gives off 4 alveolar sacs which protrude 20 alveoli. In the present histological study on the peripheral areas of the Prodelphinus lungs we could not satisfactorily clarify the detailed ramification mode of the terminal portion of the bronchial tree, since the paraffin sections used were too small and too thin to observe the three dimensional composition of the respiratory tissue. We could, however, identify bronchioli, bronchioli terminates, respiratorii and alveolar ducts among the numberless alveoli densely distributed throughout the sections. There occured relatively numerous bronchioli terminates and respiratorii with thin mucous membrane lined by the simple cuboidal epithelium, the somewhat thicker bronchioli with thicker mucosa lined by the pseudostratified columnar epithelium were rarely encountered. The mucosa of these terminal branches of the bronchial tree contained no gland and the lining epithelium intermingled neither ciliated nor goblet cells, although KIKKAWA (1944) and MURATA (1951) proposed the occurrence of ciliated pseudostratified or stratified columnar epithelium and simple ciliated epithelium in the bronchiolar branches of the cetacean lungs. The unique histological difference between bronchiolus terminalis and respiratorius consists in that in the latter the simple columnar epithelium contain from place to place blood capillaries which appear as if to face the bronchiolar lumen directly, although the luminal surface of them might presumably be lined by thin cytoplasmic projections of the adjacent epithelial cells. This histological finding suggests that this most distal portion of the bronchial tree may participate already (FIEBIGER 1916 , NEUVILLE 1928 , WISLOCKI 1929 , BELANGER 1940 , KIKKAWA 1944 facing on the neighboring alveolar lumina, and on both alveolar surfaces particular blood capillaries and alveolar epithelial cells are distributed respectively. The finding that each alveolar septa possess two independent respiratory surfaces facing the neighboring alveolar lumina, represents the third conspicuous histological characteristic of the dolphin lung. In his way the alveolar septa of the dolphin lung are numerous blood capillaries and epithelial cells as compared with those of the common mammalian lung.
According to MURATA (1951) the interalveolar septum of the fin whale is about cells are crowded corresponding to meshes of the blood capillaries in various numbers according to the size of the mesh. In the dolphin lung the cuboidal alveolar epithelial cells, which are distributed among the blood capillaries and rest on the axial connective tissue layer, are classified into small and large ones, the latter of which are rich in dark cytoplasm, containing stainable granules in the supranuclear region. The recent light microscopic observations on the mammalian lung (detailed references are found in AOKI 1964 , ITO 1965 have discovered the important evidence that the alveolar surfaces of the capillaries distributed in the alveolar septa are lined by thin cytoplasmic projections protruded from the alveolar epithelial cells. By electron microscopic studies on the lung of several mammals (see detailed references in ITO and SHIBASAKI 1965) the same finding has been confirmed and the further evidences have been elucidated that the alveolar epithelial cells can be distinguished in fact into large and small ones and the thin cytoplasmic projections covering the blood capillaries are protruded exclusively from the cell body (perikaryon) of the small alveolar epithelial cells. In his light microscopic study on the cetacean lung MURATA (1951) has reported the finding that the cuboidal epithelial cells of the alveolar septa, which are densely crowded in corners or in capillary meshes, protrude the thin continuous cytoplasmic projection over the blood capillaries, representing seemingly the so-called non-nucleated plates of the respiratory epithelium, although he did not distinguish large and small epithelial cells. In the present study the authors have fortunately succeeded in revealing the evidence by light microscopy that the small alveolar epithelial cells exclusively send the cytoplasmic projections covering the blood capillaries.
The problem concerning the origin of the alveolar phagocyte has not been solved in spite of large number of light and electron microscopic studies on the lung alveoli. Generally speaking, authors opinions are summarized either in the epithelial or in the mesenchymal theory (see detailed literature references in AOKI 1964 , ITO 1965 , ITO and SHIBASAKI 1965 . AOKI, ITO, ITO and SHIBASAKI were of opinion, that the dust cells (alveolar phagocytes) should originate from large alveolar epithelial cells; thus they are supporters of the epithelial theory. AOKI has observed in his light microscopic study on the bat lung that large alveolar epithelial cells (alveolar phagocytes) store in autumn besides dust particles fat droplets probably taken up from the blood. HIGASA (1958) revealed by experimental studies that the alveolar phagocytes should have the capacity to take up lipid administered into blood and thereafter to break down or discharge partially into the alveolar lumen.
In the present study the authors have confirmed that the large round alveolar macrophages of the dolphin lung should arise from the large alveolar epithelial cells and that they contain usually considerable amount of fat droplets and small amount of dust particles. As has been revealed by ITO (1965) in the study of normal human lung, the large alveolar epithelial cells of the dolphin lung themselves have never the capacity to take up dust particles from inhaled air; after differentiation into large round phagocytes containing fat droplets they might gain for the first time the ability to phagocytize and store dust.
In sections of the dolphin lung, besides the alveolar phagocytes fixed to the alveolar wall like the alveolar epithelial cells, there occured frequently a considerable number of them in the alveolar lumina. This evidence suggests, as has been proposed by MACKLIN (1951) and ITO (1965) , that they might be easily detached from the alveolar septa by external affections, for example by tissue contraction induced by fixation and by pressure added at the time of tissue resection etc. The reason why the alveolar phagocytes are easily detached from the alveolar wall, was recently clarified by ITO and SHIBASAKI (1965) in the electron microscopic observation on the bat lung, in which they have revealed, that the large alveolar epithelial cells, at the time of transformation into phagocytes, are separated from the basement membrane of the alveolar wall by the thin cytoplasmic projection of the small alveolar cells which extend between the basal surface of them and the basement membrane. However, the entire alveolar phagocytes found freely in the alveolar lumina should not be regarded as artificially detached cells, at least some of them are taken for physiological ones, which may participate, as proposed by HIGASA (1958) , in the discharge of fat via the air passage.
In the present study findings have been often observed which might suggest that the epithelial cells of the bronchioli terminales and respiratorii might also possess, concerning fat metabolism, similar properties and functions as large alveolar epithelial cells or alveolar phagocytes.
In the dolphin lung there exist, besides these epithelial phagocytes, several mesenchymal histiocytes in the connective tissue. Among them histiocytes in the axial connective tissue layer of the alveolar septa and those in small lymphoid tissue found in a bronchiolar wall stored almost exclusively dust particles of considerable amount. The histiocytes in other connective tissue portions stored mainly fat droplets like alveolar phagocytes. Thus, in the dolphin lung the amount of dust particles stored in alveolar phagocytes and mesenchymal histiocytes is in general very small as compared with that in the common mammalian lung. This fact may suggest, that in the sea surface, where dolphins live, the air contamination must be minimal. On the contrary the large amount of fat stored in alveolar phagocytes and mesenchymal histiocytes of the dolphin lung may support the view that the lung should participate to a large extent in fat metabolism as proposed by HIGASA (1958) .
In his study on the porpoise lung WISLOCKI (1929) has already noted that within the lumen of alveoles and in smaller bronchioles, free mononuclear cells are encountered, the majority of which contain a fine stippling of black pigment. He has also encountered pigment in small clumps, here and there, in the fibrous tissue of the lung, especially in the major septa and in the adventitial coat of the bronchioles. His mononuclear cells with pigment stippling may correspond to the free alveolar phagocytes in the alveolar and bronchiolar lumina containing fat droplets and dust particles which we have observed in the present study. (FIEBIGER 1916 , WISLOCKI 1929 , BELANGER 1940 , ENGEL 1966 . According to our observation on the dolphin lung, the development of the elastic tissue, as compared with that in other common mammalian lungs, seems to be not so prominent.
The most welldeveloped thick elastic strands or bands were found in the wall of the alveolar duct.
MURATA (1951) could confirm a species difference as to the composition of this elastic tissue proving that in the baleen whales the elastic bands contain a great amount of muscle fibers and might be called "myoelastic", while in the toothed whales the muscles contained in the bands are very few. The recent report of ENGEL (1966), however, does not completely agree with him, saying that in typical mammals the elastic strands of the alveolar ducts are mainly composed of muscle fibers and, to a lesser degree, of elastic fibers ("myoelastic" type), while in the lungs of large baleen whales elastic fibers predominate ("elasticomyal" type). Nevertheless, in the present study we have made it clear that the smooth muscle fibers were almost completely absent in the elastic bands of the alveolar duct of the dolphin lung.
Summary
In the terminal portion of the bronchial tree of the dolphin lung the bronchioli, bronchioli terminales, respiratorii and alveolar ducts were identified. The simple cuboidal epithelium of the bronchioli respiratorii contained blood capillaries which appeared as if exposed directly to the bronchiolar lumen. In the wall of the bronchioli, down to the distal end of the bronchioli respiratorii, there existed numerous small cartilages. Numerous well-developed sphincters occurred especially in the wall of the bronchioli terminales and respiratorii at regular intervals and the bronchiolar lumen formed many large round dilations (ampullae) between the sphincters, which were communicated by constricted portions (isthmi) induced by the sphincters.
Each alveolar septum of the dolphin lung possessed two independent respiratory surfaces facing the neighboring alveolar lumina, which were completely separated by a thin continuous axial connective tissue layer. Both respiratory surfaces have their proper blood capillaries and alveolar epithelial cells respectively.
The cuboidal alveolar epithelial cells were classified into small and large ones, of which only the former protruded the thin cytoplasmic projection covering the alveolar surface of the blood capillaries. The large cytoplasm-rich cells might be transformed into round alveolar phagocytes storing a large amount of fat droplets and scant dust particles which they might have probably taken up from the blood and inhaled air respectively. Similar transformation and fat storing were also some- In the dolphin lung the development of the elastic tissue was not particularly good. The thick elastic strands found in the wall of the alveolar duct contained few smooth muscle fibers.
The functional significances of the bronchiolar cartilages and sphincters were also discussed.
